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CHAPTER I  
INTRODUCTION
The pu rpose  o f  t h i s  p rob lem  was to  s y n th e s iz e  a compound r e l a t e d  
i n  g e n e ra l  m o le c u la r  shape to  s t e r o i d  hormones b u t  n o t hav in g  th e  
a c t u a l  s t e r o id  n u c le u s  and have i t  t e s t e d  f o r  s t e r o i d  hormone a c t i v i t y ,  
w ith  th e  hope t h a t  i t  m ight be e f f e c t i v e  in  c a n c e r th e ra p y . One 
c h a r a c t e r i s t i c  t h a t  many c a n c e rs  have in  common i s  t h e i r  dependency on 
s t e r o id  hormones f o r  g row th . T h is  i s  t r u e  f o r  c a n c e r  o f  th e  p r o s ta te  
and mammary g la n d s . These c a n c e rs  may a t  tim es be i n h ib i t e d  by  a d m in is­
t r a t i o n  o f  hormones o f  th e  o p p o s ite  sex  to  cause  changes in  th e  hormone 
b a la n c e . A lthough th e  mechanism o f  t h i s  a c t io n  i s  unknown, i t  i s  
th o u g h t p o s s ib ly  t h a t  th e y  a c t  in  p a r t  by  a n ta g o n iz in g  th e  a c t io n  o f  
th e  o p p o s ite  sex  horm ones. At th e  p r e s e n t  tim e th e r e  i s  no s a t i s f a c t o r y  
e v id e n c e  t h a t  can d i s s o c i a t e  a n t ic a n c e r  e f f e c t s  from  th e  an d ro g en ic  o r 
e s t r o g e n ic  a c t i v i t y  o f  th e  s t e r o i d s .  A few compounds have been found 
t h a t  b lo c k  th e  a c t io n  o f  th e s e  hormones on norm al t i s s u e s  and i t  seems 
t h a t  s im i la r  compounds m igh t have a n t ic a n c e r  a c t i v i t y .  Most o f th e  
w ork , th u s  f a r ,  has been  on th e  s y n th e s is  o f a r t i f i c i a l  e s t r o g e n s .  The 
w ork t h a t  has been  u n d e rta k e n  h e re  i s  th e  s y n th e s is  o f a n o n - s te ro id  
a n d ro g e n .
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CHAPTER I I  
DISCUSSION A
The s y n th e s is  and use o f  n o n - s te r o id  hormones i s  a r e l a t i v e l y  new 
f i e l d .  The f i r s t  work was done in  th e  e a r ly  1930*s by Dodds and co­
w o rk e rs . They began exam ining  th e  p o s s i b i l i t y  o f  how th e  m olecu le  o f 
a  n a tu r a l  e s t ro g e n  m igh t be changed w ith o u t d e s tro y in g  th e  e s t ro g e n ic  
a c t i v i t y .  In  1938 th e y  d is c o v e re d  th r e e  e s t r o g e n ic a l ly  p o te n t  
compounds. ( 5 )
H o / ~ V ç —
C z H , H
D ie th y l  s t i l b e s t r o l  H e x e s tro l
H O ^ Q h C —
H - C - C H i
D ie n e s t r o l
A ll  th r e e  may be c o n s id e re d  to  be a n a lo g s  o f  e s t r a d i o l  b u t  a re  q u i te  
d i f f e r e n t  i n  s t r u c t u r e .
HO­
ES tra d  i o l
As was p o in te d  o u t above , th e  s tu d y  o f  th e  r e l a t i o n s h i p s  o f 
horm ones to  c a n c e rs  h as  become an  im p o rta n t f i e l d ,  and d i e t h y l s t i l b e s t r o l
- 2 -
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has found a p la c e  in  p r o s t a te  can c e r th e ra p y . These e a r l y  s u c c e s s e s  le d  
to  f u r t h e r  s tu d ie s  and d i s c o v e r i e s ,  by  t h i s  same group a s  w e ll  a s  o th e r s ,  
o f  compounds c lo s e ly  r e l a t e d  to  th e  s t i lb e n e - ty p e  e s t r o g e n s .  Robson and 
co -w o rk ers  p re p a re d  1 , 1- b i s  (p-ethoxyphenyl)>-2~= .brom o-2-phenylethylene. (5)
B lan c h ard , S t u a r t  and Talim an  p re p a re d  b e n a e s tro l*  (5 ) 
pc*HOC^H. «= y ^ n G CxH,QH“P
6 4  6 4
In  1944 M iesCher and co -w orkers d isc o v e re d  a  new ty p e  o f  e s t ro g e n  
c lo s e ly  r e l a t e d  t o  th e  n a tu r a l  horm one. Two exam ples o f  t h i s  c la s s  o f 
h ig h ly  p o te n t  e s t r o g e n s ,  known a s  th e  d o is y n o l ic  a c id s ,  a r e  shown b e lo w .( 5 )
D o is y n o lic  a c id  M onodehydrodoisynolic  a c id
In  1947 H oreau and Jacq u es d is c o v e re d  th e  a l l e n o l i c  a c id s .  H oreau 
a c id  i s  an  example o f  t h i s  c l a s s .  ( 5 )
r  T  C.H.COOH
H oreau a c id
F our y e a r  l a t e r  B radbury  and W hite d isc o v e re d  th e  e s t ro g e n ic  a c t i v i t y  o f 
i s o f la v o n e s  such  a s  g e n i s t e in ,  ( 5 )
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S in c e  th e  d is c o v e ry  o f  th e  s t i l b e n e  e s t ro g e n s ,  m ost o f th e  r e s e a r c h  
done on a r t i f i c i a l  e s tro g e n s  has been  tow ards im proving  th e s e  s t r u c tu r e s  
r a t h e r  th a n  expand ing  in to  o th e r  f i e ld s »  In  a d d i t io n  to  th e  e x c e p tio n s  
c i te d  above, th e r e  h as been  work done on d e r iv a t iv e s  o f  d ip h en y lm e th an e , 
d ip h e n y lp ro p a n e , and tr ip h e n y le th y le n e »  But th e s e  a re  n e v e r th e le s s  c lo s e ­
l y  r e l a t e d  to  th e  s t i lb e n e  e s t r o g e n s .  Today th e re  a r e  s e v e r a l  hundred 
s u b s ta n c e s  known to  p o s s e s s  e s t r o g e n ic  a c t i v i t y .  The r e l a t i v e  s t r u c t u r a l  
re q u ire m e n ts  f o r  b i o lo g i c a l  a c t i v i t y  a re  n o t a s  s t r i c t  f o r  e s tro g e n s  a s  
i t  seems to  be in  th e  ca se  o f  a n d ro g e n s . No compounds la c k in g  th e  s t e r o id  
n u c le u s  have y e t  been  found t h a t  p o s s e s s  more th a n  s l i g h t  a c t i v i t y .  T here­
f o r e ,  l i t t l e  i s  known re g a rd in g  th e  s im p le r  a n a lo g s  o f  th e  a n d ro g en s.
C o n sid e rab le  a t t e n t i o n  h a s  been  d ev o ted  to  and rogen  a n a lo g s  in  th e  
p e rh y d ro h e x e s tro l  s e r i e s .  W a lte r  S c h o e l le r  and co -w o rk ers  s a id  a  s e r i e s  
o f  compounds e x is te d  w ith  th e  g e n e ra l  fo rm u la  g iv e n  below , in  w hich R 
r e p r e s e n t s  QB o r a g roup  c o n v e r t ib le  to  h y d ro x y l; X and Y r e p r e s e n t  H, 
h a lo g e n s , h y d ro x y l g roups o r  g roups c o n v e r t ib le  t o  a h y d ro x y l; and R* 
r e p r e s e n t s  s a tu r a te d  o r u n s a tu r a te d  a lk y l  g ro u p s . ( 12 )
X y
R' R'
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These compounds w ere s a id  to  p o s s e s s  a c t i v i t y  a s  sex  horm ones. An 
exam ple o f  such a  compound p re p a re d  was d ie th y lb is - (o x o c y c lo h e x e n y l)  
e th a n e , w hich was s a id  to  p o s s e s s  a n d ro g e n ic  a c t i v i t y .  In  194,9 Ungnade 
and T u ck er, u s in g  a  method s im i la r  to  t h a t  o f  S c h o e l le r ,  d ec id ed  to  
p re p a re  a  pu re  sam ple o f  th e  compound and see  i f  i t  would in c re a s e  th e  
a c t i v i t y .  (13) They used  N -brom osuccinim ide f o r  b ro m in a tio n  o f  I ,  and 
deb ro m in a ted  to  g e t  th e  d e s i r e d  p ro d u c ts j  I I ,  I I I ,  IV,
I  I I
0 = ( ~ y C H - C H / ^ O H
Q H ;  Q H 5 C jH j
I I I  IV
U l t r a v i o l e t  a b s o rp t io n  s p e c t r a  o f  I I  and I I I  showed r e l a t i v e l y  low 
e x t in c t io n  v a lu e s  a t  225 mu and a weak seco n d a ry  maximum a t  280-285 mu. 
The fo rm a tio n  o f  c o lo re d  k e to n ic  b y -p ro d u c ts  and sm a ll e x t in c t io n  c o e f­
f i c i e n t s  f o r  I I  and I I I  le n d  s u p p o r t  t o  th e  a ssu m p tio n  t h a t  11, I I I ,  and 
IV p ro b a b ly  c o n s i s t  o f  m ix tu re s  o f  c o n ju g a te d  and n o n -co n ju g a ted  u n s a tu ­
r a t e d  k e to n e s , I I  and I I I  w ere t e s t e d  b i o l o g i c a l l y .  Both showed l i t t l e  
o r  no a n d ro g e n ic  a c t i v i t y ,  a lth o u g h  th e y  b e a r  a b o u t th e  same s t r u c t u r a l  
r e l a t i o n s h i p  to  th e  n a tu r a l  hormone t e s to s t e r o n e ,  a s  d i e t h y l s t i l b e s t r o l ,  
does t o  e s t r a d i o l .
CÜ
T e s to s te ro n e
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M iesch er, who d id  work on th e  e s t r o g e n ic  d o is y n o l ic  a c id s ,  p r e ­
p a re d  some d o is y n o l ic  a c id s  d e r iv e d  from  androgens»  (7)
X H 3
COOH COOH
These may be c o n s id e re d  to  be a n a lo g s  o f  d e h y d ro a n d ro s te ro n e , o r a n d ro -  
s te n e d io n e , o r o f  t e s to s t e r o n e  a s  w e l l  a s  o f  is o a n d ro s te ro n e  and a n d ro -  
s ta n e d io n e .  None o f  th e s e  showed any  a c t i v i t y ,
N azarov p re p a re d  an  a n a lo g  o f  d o is y n o l ic  a c id  n o t  c o n ta in in g  
r i n g  B, 1 m e th y l-4 - (p -h y d ro x y p h en y l) -4 -c y c lo h e x e n e -1 -c a rb o x y lic  a c id .  (8 ) 
He a l s o  p re p a re d  some s t e r o id  a n a lo g s  w ith o u t r in g  B o r  r i n g  C. (9 ) He 
r e a c te d  th e  G rig n ard  r e a g e n t  from  2-b rom o-6 -m ethoxynaph tha lene  w ith  me- 
d ih y d r o r e s o r c in o l  e th e r  and o b ta in e d  V in  a sm a ll y i e l d .  VI was p re p a re d  
in  a s im i l a r  m anner.
O
II
CHP
V
OCH
VI
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Some r e c e n t  work h as been  done by B irch  and co -w orkers on hydro- 
a ro m a tic  s t e r o id s  la c k in g  r i n g  B. (2 )
CH3 OH
C h
H
NH3 CH.
OH
V II V I I I
The f i n a l  p ro d u c t5, an  a n a lo g  o f  t e s to s t e r o n e ,  was c o n s id e re d  to  be a  mix­
tu r e  o f  70% c o n ju g a te d  and 30% u n c o n ju g a te d . The m ix tu re  f a i l e d  to  show 
any  a n d ro g e n ic  a c t i v i t y ,  V I I I  was sy n th e s iz e d  in  a s im i la r  m anner. 
U l t r a v i o l e t  a b s o rp t io n  d a ta  showed a maximum a t  220-225 mu w ith  th e  e x t in c .  
t i o n  c o e f f i c i e n t  e q u a l to  7000,
W ilds and Shunk d id  some work on th e  s y n th e s is  o f  s t e r o id  a n a lo g s  
la c k in g  r i n g  G. They p re p a re d  some a n a lo g s  o f  p ro g e s te ro n e  and desoxy- 
c o r t i c o s te r o n e  by th e  R obinson Mannich b ase  m ethod, (15? 16, 17)
o - O O ' HO-C
R
R
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I n  a s i m i l a r  m anner th e y  a ls o  p re p a re d  a n a lo g s  o f  t e s to s te r o n e  and andro- 
s te n e d io n e .
IX
OH ; 0
XI
A ll  th r e e  compounds showed u l t r a v i o l e t  a b s o rp t io n  a t  238 mu w ith  e x t in c ­
t i o n  v a lu e s  r e s p e c t iv e ly :  l6 ,9 0 0 ,  16 ,U 50, and 6 ,8 0 0 . The low  v a lu e  f o r
I
XI was due to  th e  f a c t  t h a t  i t  was o n ly  a b o u t hO% c o n ju g a te d . A t p r e s e n t  
no c o n s i s t e n t  a n d ro g e n ic  a c t i v i t y  h a s  been  d e m o n s tra te d  i n  th e s e  a n a lo g s  
l a c k in g  r in g  0 ,
A c o u p le  o f  exam ples o f  r e c e n t  work on hormone a n ta g o n is ts  have 
b een  th o s e  r e p o r te d  by P a lo p o l i  (10) and L auppi and S tu d e r  ( 6 ) ,  P a lo p o l i  
r e p o r te d  i n  1958 t h a t  c e r t a i n  d e r iv a t iv e s  o f  t r ip h e n y le th a n e  p o s s e s s  
a n t i e s t r o g e n ic  a c t i v i t y .  L aupp i and S tu d e r  have r e p o r te d  on th e  a n t i -  
a n d ro g e n ic  a c t i v i t y  o f  a  p h e n a n th re n e  d e r i v a t i v e .
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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DISCUSSION B
The s y n th e t i c  p ro ced u re  u sed  in  t h i s  la b  f o r  th e  p r e p a r a t io n  o f  
s t e r o i d  a n a lo g s  la c k in g  r i n g  C, a lth o u g h  i t  i s  a n in e  s te p  s y n th e s i s ,  
can be looked  upon a s  c o n s i s t in g  o f  two p a r t s .  The f i r s t  p a r t  would be 
th e  p r e p a r a t io n  o f  6 -m e th o x y - l , l -d im e th y l-2 - te tr a lo n e  (V I).
X O ° "  — . C O " " '
I I  ^ I I I
CHP
V I IVV
T h is  compound i s  u sed  a s  a  g e n e ra l  s t a r t i n g  m a te r ia l  f o r  th e  p re ­
p a r a t io n  o f  compounds h av in g  d i f f e r e n t  r i n g  fu n c t io n s  s u b s t i t u t e d  on C-6 .
The s t a r t i n g  m a te r i a l  i s  th e  com m erc ia lly  o b ta in a b le  sodium  2 -  
n a p h th o l-6 - s u l f o n ic  a c id  ( l ) .  I t  was su b je c te d  to  f u s io n  w ith  p o tass iu m  
h y d ro x id e  to  o b ta in  2 , 6- n a p h th a le n e d io l  ( I I ) ,  The y ie ld  o f th e  d i o l  i s  
r e l a t i v e l y  s m a ll ,  u s u a l ly  from  35-4-0%, The d im e th y l e th e r ,  2 , 6 -d im ethoxy  
n a p h th a le n e  ( I I I ) ,  was p re p a re d  by  r e a c t in g  th e  d isod ium  s a l t  o f  th e  naph- 
t h a l e n e d io l  w ith  d im e th y l s u l f a t e .  The y ie ld s  h e re  a r e  abou t 60 to  65%, 
R e d u c tio n  o f  th e  2 ,6 -d im e th o x y n a p h th a le n e  ( i l l )  to  th e  2 , 6 -d im e th o x y - 
3 ,4 .“d ih y d ro n a p h th a le n e  (IV ) was e f f e c te d  by t r e a tm e n t  w ith  sodium  and 
iso a m y l a lc o h o l .  A ccording  to  th e  method o f  R obinson and Weygand (1 1 ) , a  
l a r g e  e x c e s s  o f sodium  was n eeded ; b u t i t  was found t h a t  a  much sm a lle r
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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e x c e s s  gave good y ie ld s  in  th e  o rd e r  o f  H y d ro ly s is  o f  2 ,6 - d i -
m e th o x y -3 p 4 -d ih y d ro n ap h th a len e  (TV) to  6 -m ethoxy-2- t e t r a lo n e  (V) was 
acco m p lish ed  w ith  fo rm ic  a c id *  C o rn fo r th , C o rn fo r th  and R obinson used  
aqueous h y d ro c h lo r ic  a c id  t o  h y d ro ly z e  th e  e n o l  e th e r  to  th e  t e t r a l o n e  
(4-)o The y ie ld  o b ta in e d  w ith  h y d ro c h lo r ic  a c id  was l e s s ,  ab o u t 55 -60^ , 
th a n  th e  y i e ld  o b ta in e d  w ith  fo rm ic  a c id  (ab o u t 80%)« O xalic  a c id  has a ls o  
been  u se d  f o r  th e  h y d r o y ls is  Form ic a c id  had n o t p re v io u s ly  been 
used  in  t h i s  r e a c t io n  b u t  i t  seemed to  be a  good p ro s p e c t  because  i t  
combined h ig h  p o la r  and s t ro n g  a c id  p r o p e r t i e s  w ith  good s o lv e n t  p ro p e r­
t i e s  f o r  o rg a n ic  compounds. The f i n a l  r e a c t io n  o f  w hat may be c o n s id e re d  
to  be th e  f i r s t  p a r t  o f  th e  s y n th e s is  i s  th e  s u b s t i t u t i o n  o f two m ethy l 
g roups i n  p o s i t io n  1 o f th e  n a p h th a le n e  s t r u c t u r e .  The s u b s t i t u t i o n  was 
acco m p lish ed  by  t r e a t i n g  th e  t e t r a l o n e  w ith  sodium  h y d rid e  and m ethy l 
io d id e .  The y ie ld  o f  6-m e th o x y - l,1 -d im e th y l-2 - t e t r a l o n e  (V l) was around  
70%, T h is  i s  a  key  p o in t  i n  th e  s y n th e s i s ,  i n  t h a t  one can  in c re a s e  th e  
number o f  p o s s ib le  a n a lo g s  b y  chan g in g  th e  g roups s u b s t i tu te d  in  p o s i t io n  
lo  B e s id es  th e  d im e th y l s u b s t i t u t e d  compound p re p a re d  h e re ,  th e  mono­
e th y l  compound has been  p re p a re d  in  t h i s  la b o r a to r y .  O ther p o s s ib le  a lk y l  
g roups a r e  p ro p y l o r i s o p ro p y l .
The second p a r t  o f  th e  s y n th e s is  cou ld  be c o n s id e re d  to  be th e  
a d d i t io n  o f  th e  t h i r d  r i n g ,  c o rre sp o n d in g  to  r in g  D, and th e  r e a c t io n s  
le a d in g  to  th e  f i n a l  compound. The t h i r d  r i n g  was added by a d d i t io n  o f  
th e  o rg a n o li th iu m  compound p re p a re d  from  4 -h ro m o -2 -m e th y la n iso le , T h is 
was p re p a re d  by  a d d i t io n  o f th e  bromo compound to  l i th iu m  sand a t  - 2 ° 
t o  i n  an  a rg o n  a tm o sp h e re . The l i th iu m  sand c o n ta in e d  a b o u t 2-5%
sodium . I t  was found t h a t  b e t t e r  y ie ld s  w ere o b ta in e d  i f  th e  te m p e ra tu re
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was k e p t a b o u t 6-m eth o x y -1 ,1 -d lm e t h y l - 2 - t e t r a lo n e  (VI) was added
to  th e  o rg a n o li th iu m  compound a t  low te m p e ra tu re , i n  an  a rg o n  a tm o sp h e re , 
2 -m ethoxy=5 , 5-d  ime t h y l - 6=hydroxy-6- (3 -m e th y l-4—m eth o x y p h en y l)-5 , 6 , 7 , 8-  
te t r a h y d ro n a p h th a le n e  (V II) was o b ta in e d  i n  a b o u t 50^ y i e l d .
OH
VI V II
The in f r a r e d  s p e c t r a  showed p h en o l e th e r  peaks a t  3 .4  u ,  6 ,7  u ,  and 8 u .  
These peaks w ere a l s o  shown by  a n i s o l e .  T here was a sm a ll a b s o rp t io n  
peak  a t  2 ,7 8  u ,  w hich was due to  th e  h y d ro x y l group fo rm ed .
At t h i s  p o in t ,  one can  se e  t h a t  th e r e  a re  more p o s s i b i l i t i e s  f o r  
a  t h i r d  r i n g .  The a n a lo g , w ith o u t a m eth y l group on th e  t h i r d  r i n g ,  has 
been  p re p a re d  in  t h i s  l a b o r a to r y .  A nother p o s s i b i l i t y  i s  th e  a d d i t io n  o f  
a f i v e  membered r i n g  in s te a d  o f  a s ix  membered r i n g .
D e h y d ra tio n  o f  V II t o  2^m ethoxy-5 , 5-dim e th y  1 -6 -  (3-m ethyl-A -m ethoxy- 
p h e n y l) - 5 , 8-d lh y d ro n a p h th a le n e  ( V I I I ) was accom plished  w ith  th io n y l  
c h lo r id e  i n  to lu e n e .
OCH OCH
CH
CHP
V II V III
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T h io n y l c h lo r id e  i n  p y r id in e  and p o ta ss iu m  hydrogen  s u l f a t e  w ere a ls o  
t r i e d ,  b u t  th e  b e s t  r e s u l t s  w ere o b ta in e d  w ith  th e  t h io n y l  c h lo r id e  in  
to lu e n e .  The y ie ld  was a lm o st q u a n t i t a t i v e .
The f i r s t  w ork done on th e  r e d u c t io n  o f  a m ethoxy, such  a s  i n  
(V II I )  t o  th e  e n o l e th e r  form  o f 2 - m e th o x y - l ,4 - j5 ,6 ,7 ,8 - te t r a h y d ro -5 ,5 “ 
d im e th y l~ 6 -(3 -m e th y l-4 --m e th o x y p h en y l)^ ap h th a len e  (IX ) was done by  B irc h , ( l )  
He u se d  an  a lc o h o l  ammonia s o lu t io n  w ith  a d d i t io n  o f  sodium .
CH,CH
CH]
V I I I  IX
W ilds l a t e r  im proved upon B i r c h 's  method by a d d i t io n  o f  th e  a lc o h o l  l a s t  
and u s in g  l i th iu m  in s te a d  o f  sodium , (14-) W ilds method o f  r e d u c t io n  was 
u sed  h e r e .  The r e d u c t io n  was in te n d e d  to  red u c e  b o th  r in g s  t o  th e  e n o l 
e th e r  and th e  doub le  bond in  r in g  B, a s  in  some p re v io u s  work when th e  
o r th o  m eth y l was n o t  p r e s e n t ;  b u t a p p a re n t ly  due to  an u n fa v o ra b le  s t e r i c  
e f f e c t  o f  th e  m eth y l, o n ly  th e  one r i n g  was re d u c e d . The in f r a r e d  s p e c t r a  
showed p h e n o l e th e r  p eak s f o r  th e  un reduced  r i n g  a t  6 ,7  u  and 9 .6  u .  I t  
showed some o th e r  p eak s a t  8 ,1  u  and 8 ,2  u  due to  th e  e n o l e t h e r .  The 
p ro d u c t h e re  c o n ta in e d  a b o u t 10^ 2 -m eth o x y -5 , 5- d im e th y l-6 - (3 -m e th y l-4 -  
m ethoxyphenyl)-6 , 6 , 7 ,8 - te t r a h y d r o n a p h th a le n e . (V IIIs). R e d u c tio n  o f  V II 
w ith  a  lith ium -am m onia  s o lu t io n  fo llo w ed  by  a d d i t io n  o f  ammonium c h lo r id e  
gave V i l l a ,  I t  was found to  be th e  same a s  th e  im p u r ity  in  IX.
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V III  v i l l a
Even a f t e r  su b seq u en t r e d u c t io n s ,  th e  amount o f  im p u r ity  was th e  sam e.
The h y d r o ly s is  o f  IX to  2 (3H )-n a p h th a  l e  n o n e 5 , 6 , 7 , 8 - te t r a h y d r o - 5 , 
5“dim ethyl-6-(3-m ethyl-iii.-m ethoxyphenyl)(X ) i s  e f f e c te d  by hydrobrom ic a c id  
in  aqueous d io x a n e .
OCH.
C-Hj CH
IX X XI
Form ic a c id  was u n s a t i s f a c t o r y  b ecau se  o f  th e  low s o l u b i l i t y  o f  th e  
compound. The f i n a l  p ro d u c t was a  m ix tu re  o f  th e  c o n ju g a te d  form  o f  X 
and th e  u n co n ju g a te d  2 ( 3 H ) - n a p h th a le n o n e - l ,4 ,5 ,6 ,7 ,8 - te t r a h y d r o - 5 ,5 -  
d im e th y l-6 -(3 -m eth y l-4 .-m e th o x y p h e n y l)  (X I) , X can be c o n s id e re d  to  be an  
a n a lo g  o f  t e s to s t e r o n e .  I t  d i f f e r s  from  th o se  compounds of W ilds i n  
t h a t  i t  h as  a lk y l  s u b s t i t u e n t s  in  th e  5 p o s i t io n  o f  n a p h th a le n e  n u c le u s . 
A lk y l s u b s t i t u e n t s  in  t h i s  p o s i t io n  have been  found e s s e n t i a l  f o r  a c t i v i ­
t y  i n  th e  c a se  o f  some e s t r o g e n s .
The in f r a r e d  and u l t r a v i o l e t  a b s o rp t io n  d a ta  p o in ts  to  th e  f a c t  
t h a t  th e  d e s i r e d  c o n ju g a tio n  was o b ta in e d  to  a g r e a t  e x te n t .  The u l t r a ­
v i o l e t  a b s o r p t io n  showed a peak  a t  230 itm (F ig , l )  w ith  an  e x t in c t io n  
c o e f f i c i e n t  o f  a b o u t 1 0 ,4 0 0 , The u s u a l  v a lu e  f o r  th e  e x t in c t io n
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c o e f f i c i e n t  o f  t h i s  ty p e  o f  compound i s  around  16,000» T his i n d ic a t e s  
t h a t  th e  p ro d u c t i s  p ro b a b ly  over 60^ co n ju g a ted »  The in f r a r e d  sp e c ­
trum  showed a c a rb o n y l peak a t  5 ,8  u  w ith  a n o th e r  peak  c lo s e  a t  5 ,9 5  u . 
I t  a l s o  showed a p h e n o l e th e r  peak  a t  7»9 u ,  due to  th e  unreduced  r i n g .  
In  com paring  t h i s  I,R » w ith  th e  one f o r  ey e lo h ex an o n e , which i s  c h a ra c ­
t e r i s t i c  f o r  a s a tu r a te d  k e to n e , i t  was found t h a t  i t  had a peak  o f  
5 ,8  Uo The peak  a t  5 ,95  u  i s  acco u n ted  f o r  by  th e  f a c t  t h a t  a doub le  
bond in  th e  a lp h a , b e ta  p o s i t io n  s h i f t s  th e  peak  a b o u t ,2  u .
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EXPERIMENTAL
4.“ Bromo-2 -m e th y ls n is o le  ,-A  s o lu t io n  o f  9 .5  m l. o f  brom ine i n  20 
m l. o f  ca rb o n  t e t r a c h l o r i d e  was added , w ith  s t i r r i n g ,  to  20 g .  o f  o -m eth y l 
a n is o le  i n  15 m l. o f  ca rb o n  t e t r a c h l o r i d e .  The r e a c t io n  v e s s e l ,  a 300 m l. 
th re e -n e c k e d  f l a s k ,  was immersed in  a salt«--ice w a te r  b a th .  The a d d i t io n  
o f  th e  brom ine to o k  a b o u t 50 m in , t o  an  h o u r . A f te r  th e  a d d i t io n ,  th e  
m ix tu re  was washed w ith  20% sodium  h y d ro x id e  and w a te r .  I t  was d r ie d  over 
ca lc iu m  c h lo r id e .  The s o lv e n t  was e v a p o ra te d  o f f j  and th e  p ro d u c t, a 
w h ite  c r y s t a l l i n e  s o l i d ,  was r e c r y s t a l l i z e d  from  m eth an o l. The y ie ld  was 
28.5 g . (85%), m.p. 65.5°-66.5°G  L it (3) :  67.5^-68-5°.
2 . 6-N ap h th a l e n e d io l  ( l l ) . - U s i n g  a 500 m l. th re e -n e c k e d  s t e e l  f l a s k ,  
f i t t e d  w ith  a s t i r r e r  and th e rm o co u p le , 250  g . o f  p o t a s s iu m  hy d ro x id e  and 
50 g„ o f  sodium  h y d ro x id e  w ere h e a te d  to  2 7 5 ° |th e n ,  110 g .  o f  sodium 
2 = n a p h th o l-6 - s u lfo n ic  a c id  ( l )  was added w ith  s t i r r i n g .  The h e a t in g  was 
''o n tin u e d  u n t i l  th e  te m p e ra tu re  re a c h e d  a b o u t 320°C , The h e a t in g  was 
d is c o n tin u e d  and th e  m ix tu re  was coo led  to  ab o u t 100‘̂ C. W ater was added 
c a u t io u s ly  u n t i l  th e  f l a s k  was a b o u t o n e -h a l f  f u l l .  The c o n te n ts  w ere 
poured  over 500 m l, o f  h y d ro c h lo r ic  a c id  and ic e  w ith  s t i r r i n g .  The 
p ro d u c t was f i l t e r e d  and d is s o lv e d  in  1200 m l. o f  b o i l in g  w a te r .  10 g .
o f  N o r l t  was added and th e  h o t s o lu t io n  f i l t e r e d .  The y ie ld  was 2?  g , 
(38%), m.p 218°.
2 .6 -D im 3 thoxynaph tha lene  ( i l l ) , - T o  a s o lu t io n  o f  17 g . o f sodium  
d is s o lv e d  in  300 m l. o f  m e th an o l, in  a 1 1 . th re e -n e c k e d  f l a s k ,  was
'i /
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added 55 g . o f  2 ,6 -n a p h th a le n e d io l  w ith  s t i r r i n g .  The b u lk  o f  th e  m etha­
n o l  was rem oved by  vaccum e v a p o ra t io n  and 350 m l. o f  benzene was added .
The benzene was d i s t i l l e d  u n t i l  th e  te m p e ra tu re  rea ch e d  75°Cc The mix­
tu r e  was co o led  and 83 m l. o f  d im e th y l s u l f a t e  was added* The m ix tu re  
was r e f lu x e d  a b o u t o n e -h a lf  h o u r . The m ix tu re  was d i lu t e d  w ith  w a te r  and 
th e  r e s t  o f  th e  benzene d i s t i l l e d  o f f .  I t  was a c i d i f i e d  and f i l t e r e d .
The p ro d u c t was t r e a t e d  w ith  e th a n o l  to  d is s o lv e  o u t th e  gum* The y ie ld
o f  c ru d e  p ro d u c t was 50 g * ( 84^ ) ,  m*p, 150° (1 1 ) .
3 ,4 -D ih y d ro -2 , 6-d im e th o x y n a p h th a len e  ( IV)*-A s o lu t io n  o f  45 g . o f
2 , 6-d im e th o x y n a p h th a len e  ( i l l )  i n  550 m l. o f  iso am y l a lc o h o l  was h e a te d  
to  b o i l i n g  i n  a th re e -n e c k e d  f l a s k ,  f i t t e d  w ith  s t i r r e r  and r e f l u x  con­
d e n se r  j 45 go o f  sodium  was th e n  added in  sm a ll p ie c e s*  The m ix tu re
was s t i r r e d  and r e f lu x e d  u n t i l  th e  sodium  was d is so lv e d *  The s o lu t io n
was coo led  and w a te r  added to  decompose th e  a lc o h o la te .  Benzene was added 
and th e  o rg a n ic  l a y e r  s e p a ra te d *  The o rg a n ic  s o lv e n t  was d i s t i l l e d  o f f  
in  v a c u o . u n t i l  th e  p ro d u c t s o l i d i f i e d *  E th a n o l was used  f o r  r e c r y s t a l ­
l i z a t i o n *  The y ie ld  was 3 4 ,5  go (77%), m.p* 83 -4 °  ( 1 1 )»
6-M ethoxy-2- 1 e t r a 1one (V)*-A m ix tu re  o f 25g«of 3 , 4“d ih y d r0- 2 , 6-  
dime th o x y n ap h th a le n e  (IV ) and 50 m l. o f  88% fo rm ic  a c id  was shaken  in  a  
se p g ira to ry  fu n n e l  to  d is s o lv e  th e  r e a c t a n t ,  A few d ro p s o f w a te r  w ere 
ad d ed , and th e  m ix tu re  was a llo w ed  t o  s ta n d  f o r  a b o u t 10 m in u te s . I t  
was d i lu t e d  w ith  w a te r  and e x t r a c te d  tw ic e  w ith  b en zen e . The benzene 
l a y e r s  w ere washed w ith  w a te r  and th e n  sodium  b ic a r b o n a te .  A f te r  d ry in g  
o v e r m agnesium s u l f a t e ,  th e  benzene was removed by  vacuum e v a p o ra tio n  and 
th e  p ro d u c t was d i s t i l l e d  a t  120^122°/lm m * The y ie ld  was 19 .5  g . (81% ).
1 ,1 —D im e th y 1 -6 -m e th o x y -2 -te tra lo n e  (V l) .-T o  a s o lu t io n  o f 3 3 .5  g . 
o f  6—me th o x y —2 - te  t r a lo n e  (V) in  150 m l. o f  d ry  e t h e r j  u s in g  a  th re e -n e c k e d
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f l a s k  f i t t e d  w ith  s t i r r e r ,  d ro p p in g  fu n n e l ,  and r e f l t tx  c o n d en se r, 10 ,2  g„ 
o f  sodium  h y d rid e  was ad d ed . An a rg o n  a tm osphere  was u se d . A f te r  th e  
e v o lu t io n  o f  hydrogen had s u b s id e d , 2 6 ,3  m l, o f  m ethy l io d id e ,  in  e th e r ,  
was ad d ed . The r e a c t io n  f l a s k  was coo led  in  a  pan  o f c o ld  w a te r  d u r in g  
th e  r e a c t i o n .  A f te r  th e  a d d i t io n  was co m p le te , th e  m ix tu re  was r e f lu x e d  
f o r  a b o u t an  hour and f iv e  more m l, o f  m ethy l io d id e  was added . The 
r e f l u x  was c o n tin u ed  f o r  a b o u t an  h o u r , a f t e r  w hich tim e th e  m ix tu re  was 
co o led  and h y d ro ly se d  w ith  w a te r  and d i l u t e  h y d ro c h lo r ic  a c id .  A fte r  
w ash ing  w ith  w a te r  and sodium  h y d ro x id e , th e  w a te r  la y e r s  were e x tr a c te d  
w ith  benzene w hich was combined w ith  th e  e th e r  la y e r  and d r ie d  over mag­
nesium  s u l f a t e .  The s o lv e n t  was removed by vacuum e v a p o ra tin g  and th e
p ro d u c t d i s t i l l e d  a t  116^-118°/lm m . The y ie ld  was 27 g . (70%),
21
= 1 ,5448  compared w ith  th e  a c c e p te d  v a lu e  o f  1 , 5440 ,
2-M 6thoxy-5 5 5—d ime th y  1- 6-h y d r  oxy-6-  ( 3 -me th y  1 - 4 -me th  oxyphe ny 1 ) - 5 , 6 ,
7 , 8“ te tra h y d ro n a p h th a le n e  ( V I I ) , -U sin g  a  300 m l, th re e -n e c k e d  f l a s k  f i t t e d  
w ith  s t i r r e r ,  th erm o m eter, and d ro p p in g  fu n n e l ,  12 g ,  o f  4 -brom o-2 -m ethy1-  
a n i s o le  in  25 m l. o f  d ry  e th e r  and 25 m l, o f  d ry  to lu e n e  was added d ro p -  
w ise  to  2 go o f  l i th iu m  sand c o n ta in in g  0 ,2  g , o f  sodium  In  d ry  e th e r .
An a tm osphere  6f  a rg o n  was m a in ta in e d  in  th e  r e a c t io n  v e s s e l  a t  a tem pera­
tu r e  betw een -2 °  and -5 ^ 0 , A f te r  th e  a d d i t io n  was com ple te , th e  r e a c t io n  
m ix tu re  was d e c a n te d  i n to  a n o th e r  f l a s k  th ro u g h  a p lu g  o f  g la s s  w ool.
W ith th e  te m p e ra tu re  a t  a b o u t O^C, 3 g ,  o f 1 , 1-dim e th y 1- 6 -m e th c x y -2 - te t r a ­
lo n e  (V l) was added d ropw ise  w ith  s t i r r i n g  i n  an  a rg o n  a tm o sp h e re . A fte r  
a d d i t i o n  o f  th e  t e t r a l o n e ,  th e  m ix tu re  was h y d ro ly zed  w ith  w a te r .  The 
e th e r  l a y e r  was washed w ith  w a te r  and th e  s o lv e n t  removed by vacuum e v ap o r­
a t i o n ,  A sm a ll amount o f  p e tro le u m  e th e r  was added to  th e  r e s id u e  and th e
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c o n ta in e r  r e f r i g e r a t e d „ The p ro d u c t was f i l t e r e d  and r e c r y s t a l l i z e d  
from  m e th a n o l. A y ie ld  o f 6 g« (47^) o f  p ro d u c t was o b ta in e d , m .p . 
I43°=“145°t. I n f r a r e d  sp ec tru m  (CCl^) g 6 .6 5  u , 7 .9 8  u ,  9 .6  u .
A n a l. C alcd , f o r  ^ 2 1 ^ 6 ^ 3 °  C, 7 7 .3 ;  H, 7 .9 .  Found C. 7 7 .1 3 ;
H, 7 .9 8 .
2-Mé th o x y -5 ,5  -d  ime th y  1 -6 -  ( 3 -me th y  l=4-m e th  oxyphe n;yl X5, 8 -d ih y d ro -  
n a p h th a le n e  (V I I I ) „ -  To a s o lu t io n  o f  3 g . o f 2~niethoxy-5 » 5-dim e th y l - 6 -  
h y d ro x y -6 -(3 -m e th y l-4 -m e th o x y p h e n y l) - 5 , 6 , 7 , 8 - te tra h y d ro n a p h th a le n e  (V I I ) 
d is s o lv e d  in  a minimum o f  h o t  to lu e n e  in  a  50 m l. s u c t io n  f l a s k  was added
1 .2  m l. o f  t h io n y l  c h lo r id e  (50^ e x c e s s ) .  The m ix tu re  was h e a te d  to  
b o i l i n g  f o r  a few m in u tes  and th e  e x c e ss  th io n y l  c h lo r id e  and to lu e n e  
removed by vacuum e v a p o ra t io n .  The p ro d u c t ,  w hich c r y s t a l l i z e d  on c o o l­
in g ,  was re c o v e re d  b y  s u c t io n  f i l t r a t i o n  and r e c r y s t a l l i z e d  from  e th a n o l .
A y ie ld  o f  2 .3  g . (82^) was o b ta in e d ,  m .p . 108°-110^1 . The in f r a r e d  sp e c -  
trxim was s im i l a r  to  t h a t  o f  V II e x c e p t t h a t  i t  d id  n o t have a sm a ll peak 
a t  2 .7 5  u .
A nal. C alcd f o r  0^ g C, 8 1 .8 ;  H, 7 .8 .  Founds C, 8 1 .8 2 ;
H, 7 .6 2 .
2 -Me t  h o x y -1 ,4  » 5 5,6 , 7 , 8- t e  t r a h y d ro -5 ,5 -d  ime th y  1 -6 -  (3 -me t  ny l-4-m e thoxy- 
p h e n y l) -n a p h th a le n e  ( I X ) . -  A 500 m l. th re e -n e c k e d  f l a s k  c o n ta in in g  100 m l, 
o f  l i q u id  ammonia was k e p t a t  -35^0 in  a  d ry  ic e —ethan .o l b a th .  To t h i s  
was added a s o lu t io n  o f  3 g . o f  2 -m eth o x y -5 , 5 -d im e th y l- 6 - t3 -m e th y l-4 -  
m ethoxypheny l)- 5 y8 -d lh y d ro n a p h th a le n e  (V I I l )  i n  50 m l, o f  m o rp h o lin e .
S m a ll p ie c e s  o f  l i th iu m ,  t o t a l i n g  3 g . , were added w ith  s t i r r i n g .  A f te r  
a l l  th e  l i th iu m  had d is s o lv e d  and a b ro n z e -c o lo re d  la y e r  had fo rm ed , a b so ­
l u t e  a lc o h o l  was added u n t i l  th e  l a y e r  b roke  up and th e  b lu e  c o lo r  o f  th e
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l i t h iu m  was d is c h a rg e d . W ater was added and th e  p ro d u c t ,  w hich s e p a ra te d  
o u t ,  was re c o v e re d  by s u c t io n  f i l t r a t i o n .  The c ru d e  p ro d u c t ,  w eigh ing  
a b o u t 3 go , was r e c r y s t a l l i z e d  from  a c e to n e .  Even a f t e r  s e v e r a l  r e c r y s ­
t a l l i z a t i o n s  th e  m e lt in g  p o in t  o f  122°-130°C was n o t im proved, A d e r iv a ­
t i v e  w ith  2 j,4 .-d in itro p h e n y lh y d ra z in e  was p re p a re d . I t  m elted  a t  178^- 
182 C, T h is in d ic a te d  t h a t  some o f  th e  d e s i r e d  p ro d u c t was o b ta in e d . In  
an a t te m p t  t o  p re p a re  a  p u re  sam ple f o r  a n a l y s i s ,  1 g , o f  th e  p ro d u c t 
was ch rom atographed  on 20  g ,  o f  a lum ina u s in g  a ben zen e-cy c lo h ex an e  s o l ­
v e n t sy s te m , A good s e p a r a t io n  was n o t o b ta in e d , so a column o f  c h a rc o a l 
was u s e d .  The o n ly  f r a c t i o n  t h a t  was o b ta in e d  w ith  a good m e ltin g  p o in t  
( 127° “-129^C) showed p h en o l e th e r  peaks on i t s  in f r a r e d  spectrum  a t  6 ,7  u  
and 8 ,1  u ,
2 (3H)-N aph tha le  none = 4 ,4 a , 5 , 6 , 7 , 8 - te t r a h y d r o - 5 ,5 -d  ime t h y l - 6- (3 - 
m e th y l-4 “n iethoxyphenyl) ( X ) ,-  To a s o lu t io n  o f  3 g , o f 2 -m ethoxy -1 ,4 * 5 ,6 ,
7 , 8~ te t r a h y d r o - 5 , 5-d im e th y l-6-  (3 -m ethy l-A -m ethoxypheny l) -n a p h th a le n e  ( IX) 
i n  20  m l, o f  d ioxane  w ith  a l i t t l e  w a te r  was added 1 ,2  m l, o f  hydrobrom ic 
a c i d .  A f te r  s ta n d in g  f o r  10 m in u tes  th e  r e a c t io n  m ix tu re  was d i lu t e d  w ith  
w a te r  and e x t r a c te d  tw ic e  w ith  b e n ze n e . The benzene was removed by  vacuum 
e v a p o ra t io n ,  and th e  v is c o u s  o i l  was d is s o lv e d  in  abou t 3 m l, o f  m ethanol 
and se e d e d . The c r y s t a l s  t h a t  w ere o b ta in e d  proved  to  be im p u r i t i e s .  The 
sem lcarb azo n e  was p re p a re d  and t r e a t e d  w ith  benzene to  d is s o lv e  ou t any  
impur i t i e s , The sem lcarbazone  m elted  a t  205"^-208°C, The b e n z e n e -so lu b le  
r e s id u e  m elted  a t  I23*^“ 127®C, I t  amounted to  ab o u t 10^ o f the  p ro d u c t.
I t  was th o u g h t t h a t  t h i s  was V I I I  w ith  th e  non-arom a t i c  double bond re d u c e d . 
The f i n a l  p ro d u c t ,  o b ta in e d  by vacuum d i s t i l l a t i o n  a t  148°“ 150°C, was a v e ry  
v is c o u s  l i q u i d .  I n f r a r e d  sp ec tru m  (C C l^)s 5 ,8  u , 5 ,95  u ,  6 ,7  u , and 7 ,9  u .
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Analo Calcdo f o r  <^20^26^2“ 8 0 .5 ;  H, 8 .7 .  Found; c ,  8 0 .2 9 ;
H, 8 .6 3 .
2=Me thoxy-4.”dime t h y l - 6-  (3 -m ethy l-4 -m e th oxypheny l ) - 5 , 6 , 7 , 8- t e  t r a -  
h y d ro n a p h th a le n e  ( v i l l a ) . -  A 300 m l. th re e -n e c k e d  f l a s k  c o n ta in in g  10 m l, 
o f  l i q u i d  ammonia was k e p t a t  -35°C i n  a d ry  ic e - e th a n o l  b a th .  To t h i s  
was added a s o lu t io n  o f  1 g .  o f  V II I  i n  m o rp h o lln e . Ammonium c h lo r id e  
was added u n t i l  th e  b lu e  c o lo r  was d is c h a rg e d . W ater was added , and th e  
p ro d u c t was removed by s u c t io n  f i l t r a t i o n .  A f te r  c r y s t a l l i z i n g  from  
e th a n o l ,  th e  m e lt in g  p o in t  was 12A .5°-127 .5°C , A mixed m e ltin g  p o in t  
w ith  th e  im p u r i ty  from  X showed no d e p re s s io n .
A n a l. C a lc d . f o r  C, 8 1 .2 9 ; H, 8 .3 9 .  Founds G, 8 1 .5 1 ;
H, 8 .4 1 .
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CHAPTER IV
SUMMARY
The pu rpose  o f  t h i s  p rob lem  was to  s y n th e s iz e  a compound r e l a t e d  
i n  g e n e ra l  m o le cu la r  shape to  s t e r o id  horm ones, b u t  n o t hav ing  th e  a c tu a l  
s t e r o id  n u c le u s , and to  have i t  t e s t e d  f o r  s t e r o id  hormone a c t i v i t y  and 
hormone a n ta g o n is t  a c t i v i t y  w ith  th e  hope t h a t  i t  m igh t be e f f e c t iv e  in  
c an c e r th e ra p y .
The s t a r t i n g  m a te r i a l  was th e  com m erc ially  o b ta in a b le  sodium -2-  
naph tho l= 6 - s u l f o n ic  a c id  ( I ) .  F u s io n  w ith  p o tass iu m  h yd rox ide  fo llo w ed  
by m é th y la t io n  gave 2 -6 -d im e th o x y n a p h th a len e  ( I I I ) ,  T re a tin g  t h i s  w ith  
is o  am yl a lc o h o l  and sodium  fo llo w ed  by h y d ro ly s is  w ith  fo rm ic  a c id  gave 
6-m ethoxy-2 - t e t r a lo n e  (V ), Two m ethy ls  w ere s u b s t i t u t e d  in  p o s i t io n  1 
by  t r e a t i n g  V w ith  sodium  h y d r id e  and m ethy l io d id e  to  o b ta in  1 ,1 -d im e th y l-  
6 -m e th o x y -2 - te tra lo n e  ( V l) .  The t h i r d  r i n g  was added by means o f  a d d i t io n  
o f  th e  organo l i th iu m  compound o f  A -b ro m o -2 -m e th y lan iso le . T h is was p re ­
p a re d  by  a d d i t io n  o f  th e  bromo compound to  l i th iu m  sand a t  -2  to  - 5 , in  
an  a rg o n  a tm o sp h e re . The p ro d u c t (V I I ) was d e h y d ra ted  by u s in g  th io n y l  
c h lo r id e  t o  o b ta in  ( V I I l ) .  The f i r s t  work done on r e d u c t io n  o f  a m ethoxy, 
such a s  V I I I  t o  th e  e n o l  e th e r  form  o f  IX was done by B irc h , He used  an  
a lc o h o l  ammonia s o lu t io n  w ith  a d d i t io n  o f  sodium , W ilds l a t e r  improved 
upon B i r c h 's  method by  a d d i t io n  o f  th e  a lc o h o l  l a s t  and u s in g  l i th iu m .
Wilde® method was u sed  h e r e .  The h y d ro ly s is  o f  IX to  th e  c o n ju g a te d  u n s a tu ­
r a t e d  k e to n e  X was e f f e c te d  by  hydrobrom ic a c id .  The f i n a l  p ro d u c t cou ld  
be c o n s id e re d  to  an  an a lo g  o f  t e s to s t e r o n e .  U l t r a v i o le t  and in f r a r e d
"22_
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a b s o r p t io n  d a ta  showed th e  d e s i r e d  c o n ju g a tio n  t o  be i n  th e  o rd e r  a b o u t 
60^ ,
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